Social networks are an important source of support for many people in recovery from alcohol abuse. The present study investigated the role of one particular source of support for recovery in changing the personal networks of people in recovery, sober-living houses. In a randomized, longitudinal design changes in the network size, heterogeneity, and composition of usual aftercare and sober-living home residents were examined. Beneficial changes were found, such as increases in the number of recovering alcoholics and overall network size among sober-living home residents, particularly those who stayed six months or longer. Networks also became more homogeneous with respect to non-drinking among residents. The importance of changes in networks is discussed as well as the need for network-level analyses of personal recovery networks.
Introduction
Social support is one particular aspect of personal networks that is important for substance abuse treatment and in maintaining abstinence following treatment. Support for drinking is negatively related to abstinence for both outpatient and aftercare patients at 12 month and 3 year follow ups. 1, 2 Both general and alcohol-specific perceived support is negatively related to drinking, 3, 4 although functional alcohol-specific support is a better predictor of abstinence. [5] [6] [7] Investment in social relationships is found an important moderator of the relationship between abstinence and alcoholspecific social support. 7, 8 Given the important connection between social support and recovery, there is a need to better understand where people can obtain these resources. Two examples of such sources are self-help/mutual aid groups and sober-living homes (SLHs). While there are a variety of SLHs, Oxford House is perhaps the most widespread with over 1,500 houses located in the United States, Australia, and Africa. Oxford House, founded in 1975 in Silver Springs, Maryland, is a democratically-run, self-supporting, drug free group home located in lowcrime, middle-class neighborhoods. It is unique in several ways, including that it does not staff recovery professionals and is composed of a rotating, democratically-elected leadership structure made up of house residents, residents can stay indefinitely as long as they refrain from drug or alcohol use, and residents pay about $100 a week for rent and utilities. The OH network provides affordable and safe housing for recovering substance abusers and is the only substance abuse recovery home model that has been endorsed by SAMSHA as being effective. 9 A NIAAA grant-supported study successfully recruited 150 individuals who completed treatment at alcohol and drug abuse facilities in the Chicago metropolitan area. Half of the participants were randomly assigned to live in OHs, while the other half received community-based aftercare services (Usual Care). We were able to track over 89% of the OH and 86% of the Usual Care participants throughout the study. Results from this randomized study were encouraging and indicated significantly more successful outcomes including reduced relapse for OH than Usual Care participants 24 months after discharge from residential treatment. 10 Positive outcomes were evident in terms of substance use (31.3% of participants assigned to the OH condition reported substance use at 24 months compared to 64.8% of Usual Care participants), employment (76.1% of OH participants versus 48.6% of Usual Care participants reported being employed at the 24 month assessment) and days engaged in illegal activities during the 30 days prior to the final assessment (mean = 0.9 for OH and 1.8 for Usual Care participants).
Several studies investigated mechanisms of social support in Oxford House. For instance, Davis and Jason 11 found that longer lengths of stay were negatively associated with support for alcohol or drug use, while Jason et al. 12 found greater sobriety among Oxford House residents with lower functional support for alcohol or drug use. Others extended this research to various subgroups. Flynn et al. 13 found among African American residents that many abstinent personal networks consisted of Oxford House residents. Both Kim et al. 14 and Ortiz et al. 15 found benefits for men of having children in their support networks, including number of recovery attempts, decreased substance use, and increased general social support. These types of support networks might help us better understand recovery house effectiveness, such as resultant bonding, monitoring, goal direction, modeling, positive reinforcement, rewarding alternatives to using, and advice and outlets for dealing with negative emotions and stress. Since relationships within the house (and/or in the personal network outside the house) are likely to be vehicles for these processes, integration can be viewed as relationship formation processes.
Research on social networks and support in SLHs has not investigated the role of network size and network heterogeneity. Composite functional indexes fail to capture the unique role these variables may have. 12, 16 Similarly, research on Oxford House has also not investigated the unique role of network composition variables, such as the presence (or absence) of relationships with drinkers and non-drinkers.
The size of one's personal network reflects the influence of the individual, their social engagement, and access to resources and materials goods. Larger networks are associated with increased availability of support resources, 17 better health, and reduction in stress response. 18 Previous research has shown that Oxford House is associated with increased support resources, 11 but it has not been linked to changes in structural aspects of personal networks.
Structural network heterogeneity is the mixture of drinkers and non-drinkers in a network. Sober living houses may affect this mixture. Social network analysis has developed several metrics to represent network-level characteristics. 19 
Materials and Methods

Participants
Participants were recruited over a one-anda-half year period to allow a gradual transition of individuals into both conditions. Data were collected from 2002 to 2005. In order to participate in the study, in-patient clients needed to agree to be assigned randomly to an Oxford House or usual after-care condition. Of those people approached to be in the study, only four individuals indicated that they were not interested in being involved in the project. A total of 150 adults approached at treatment centers agreed to participate, signed consent forms, and were assigned randomly to either one of the two conditions. There were 75 adults (46 women, 29 men) in the Oxford House condition and 75 (47 women, 28 men) in the usual aftercare condition.
Alcohol dependence is considered a chronic mental health disorder with relapses, and by studying substance use over this period of time, we had a better gauge of whether the person was able to cease abusing alcohol and drugs over a period of time. For each 6 month assessment, we were able to assess whether or not the person was using, and this was one of our main outcome measures of recovery. Participants assigned to usual aftercare chose a living situation that they, in conjunction with a case manager, would have made without the study. In most instances, participants lived with friends or family, moved to a non-Oxford House recovery home, or moved to a single occupancy residence.
Procedure
All participants took part in a baseline interview 2-3 days prior to discharge from their treatment programs. After the baseline measure, participants were interviewed every 6 months for a 2-year period, yielding a total of five assessments (i.e., baseline, 6, 12, 18, and 24 month follow-ups). To reach the participants across the assessment waves, interviewers used data from a detailed tracking packet developed for this study. Participants were paid $40 for filling out the baseline battery, and the same amount was used for all subsequent waves. The completion rate across the 2-year period was comparable for participants in the Oxford House (89%) and usual aftercare (86%) conditions. After completion of the baseline battery, participants were randomly assigned to one of the two conditions. Participants assigned to Oxford House were brought by research staff to one of the 20 existing Illinois houses. Their entrance as a resident in the house depended on a majority vote by all existing house residents. All Oxford House participants except one were successfully voted into a house on the first attempt. The single participant who was not voted into the first house was brought to a second, and was then successfully accepted as a resident. Over the course of the study, two individuals assigned to the usual aftercare condition applied for and gained admission to an Oxford House (both decided to apply for entry after spending time at other sites following discharge from the treatment facility). Using intent-to-treat rules, both individuals continued to be assigned to the usual care condition until the end of the study.
Measures
Substance use data was collected through the Addiction Severity Index 20 and personal network data was collected with the Important People Inventory. 21 Demographic data was collected with an ad-hoc instrument.
The Addiction Severity Index-lite (ASI) 20 is a reliable and well validated instrument that assesses problem areas commonly related to substance abuse including medical status, drug use, alcohol use, illegal activity, family relations, family history, and psychiatric condition. The instrument was administered at every assessment. Prior 30 day alcohol use was obtained from this instrument. The alcohol use outcome variable was coded dichotomously (0 = no alcohol consumed in the last 30 days, 1 = one or more drinks in the last 30 days).
The Important People Inventory (IP) 21, 22 was administered at each wave. This structured interview is a modified version of the Important People and Activities Inventory, such that the items that comprise the Activities portion are omitted. Because this assessment tool has various adaptations and administration manuals, it is important to note that the version administered in this study was adapted from the edition developed by Clifford and Longabaugh for use in Project MATCH. The IP requires participants to identify important members in their networks with whom they have had frequent contact with in the past 6 months. In the first section of the IP, labeled the Important People section, a participant is asked to identify up to 12 social contacts over the age of 12 years. For each person the participant lists in his/her network the measure examines the type of relationship (e.g., spouse, parent, friend, co-worker), the duration of relationship in years, and the frequency of contact. In addition, the participant assesses how often the network member drinks, how much the network member drinks on a maximum drinking day, and the network member's overall drinking status (i.e., heavy, moderate, light, abstainer, or recovering). In the next section, called the Most Important People (MIP) section, the participant chooses up to four network members who were the most important over the past six months. The participant then rates each network member's importance, how much he/she likes the person, and how the person reacts to the participant's drinking. The MIP portion of the instrument was omitted from analysis in the present study.
There are seven dependent variables. The first is personal network size, which was obtained by summing the number of alters provided and adding one (for the respondent).
The second dependent variable, network heterogeneity, was obtained using Blau's index of heterogeneity: 23
where p is the proportion of network members in a category and i is the number of different categories represented in a network. The categories in this analysis were the number of heavy drinkers, moderate drinkers, light drinkers, abstainers, and recovering alcoholics. High levels of network heterogeneity (H values closer to 1) indicate a mixture of drinkers and non-drinkers, while low levels indicate homogeneity with respect to drinkers or non-drinkers (H values closer to 0).
The third through seventh dependent variables were composition variables at each wave. The third variable was the total number of heavy drinkers, the fourth was the total number of moderate drinkers, the fifth was the total number of light drinkers, the sixth was the total number of alcohol abstainers, and the seventh was the total number of recovering alcoholics.
Inspection of the empirical growth plots for several of the dependent variables revealed second degree polynomial curves. Appropriate quadratic representations of time were entered in the model where applicable. All other models used a linear representation of the wave trajectory.
Results
Across both conditions, most participants were women (62%). The sample consisted of 77.3% African American participants, 11.3% European American, 8% who were Hispanic/Latino American, and 3.3% Asian American. The average age of participants at baseline was 37.03 years (SD = 7.95). The average education at baseline was 11.95 years (SD = 2.05). The sample had a life-time average of 3.2 (SD = 2.1) episodes of in-patient and 0.8 (SD = 2.6) episodes of out-patient substance abuse treatment. Over the 2-year follow-up, Oxford House participants spent an average of 256.2 days (range 8-730) in this setting. Of the 75 Oxford House participants, 5% stayed in Oxford House for the entire 24 months of the study, 35% moved into their own home or apartment after leaving the Oxford House, 20% went to relatives' homes, 15% moved into a partner's or spouse's home, 9% went to a friend's home, 5% went to a treatment program, 4% went to jail, 4% went to another staffed recovery home, and 3% went to a homeless shelter. Baseline differences between participants in the two conditions were first evaluated by chi-square, independent sample t-tests, or zero-order correlations, depending on the nature of the variable and the scale used. Results indicated no significant differences between participants in either Oxford House or usual-care conditions on demographic variables.
Characteristics of personal networks at baseline were also computed. Networks were composed of 66% females and 33% males. Relationship type was also computed with family members making up 70% of networks, intimates/ex-intimates accounted for 9%, and associates (i.e. friends and co-workers) consisted of 20% of networks. Participants reported knowing their network for an average of 24.18 years (SD=9.39). Participants also reported that alters were very supportive with a network average of 5.40 (SD=0.68) on a scale from 1 (not at all supportive) to 6 (extremely supportive). Participants reported moderate frequency of contact with alters with a network average of 4.87 (SD=1.78) on a scale from 0 (no contact) to 7 (daily contact).
There is an expectation with the utilization of random assignment that participants will not differ by treatment condition at baseline. Results confirmed this expectation for all dependent variables.
Treatment condition changes in composition, heterogeneity, and size
Hierarchical linear modeling was used in all analyses. The linear and/or quadratic wave trajectory defined by each 6-month time period was included as a Level-l variable. Age was also included as a time-varying Level-1 variable. Treatment condition (Oxford House versus usual aftercare), gender, and education at baseline were entered as Level-2 variables. Network composition, heterogeneity, and size were outcome variables.
In the first model, the gammas for the second level variable, treatment condition, predicting the relationship between time and the network composition dependent variables were significant for the number of recovering alcoholics in the network and the number of heavy drinkers in the network.
We found a significant amount of variability around the dependent variables number of recovering alcoholics (σ 2 = 0.84, χ 2 (145) = 575.68, P<0.001) and number of heavy drinkers (σ 2 = 0.84, χ 2 (146) = 580.10, P<0.001). Hence, a random intercept was estimated in each model.
Results indicated steeper increases were found for Oxford House compared to usual aftercare participants in the number of people in the network who were recovering alcoholics (b=0.14, SE=0.06, t(660)=2.34, P=0.02). Analysis also indicated that the number of heavy drinkers (b=-0.05, SE=0.02, t(660)=-2.91, P=0.004) for usual aftercare and Oxford House participants was statistically significant (Figure 1 ). Oxford House residents did not change in the number of heavy drinkers in the network over time, while usual aftercare participants saw increases in the number of heavy drinkers. The remaining variables were not significantly predicted by treatment condition: the number of alcohol abstainers (b=-0.26, SE=0. 32, t(656)=-0.79, P=0.42), the number of  light drinkers (b=-0.01, SE=0.03, t(656)=-0.63, P=0.52) Length-of-stay changes in composition, heterogeneity, and size For the second model, the linear and/or quadratic wave trajectory defined by each 6-month time period was included as a Level-l variable. Age was also included as a time-varying Level-1 variable. Length-of-stay (six months or greater or less than six months), gender, and education at baseline were entered as Level-2 variables. Network composition, heterogeneity, and size were outcome variables.
For this model we were interested in how length of stay in Oxford House affects changes in composition, network size, and heterogeneity. Among Oxford House residents, 54.8% of the sample had lived in a house for less than 6 months, while the remaining 45.2% had lived in a house for more than 6 months.
We Figure  2) . A length of stay of six months or longer was associated with steeper increases in the number of recovering alcoholics over time when compared with a length of stay less than six months. On the other hand, a length of stay of six months or longer was associated with decreases in the number of light drinkers, while the number of light drinkers did not change for lengths of stay less than six months.
Interestingly, the gamma for the length-ofstay variable predicting the relationship between age and number of heavy alcoholics was also statistically significant (b=0.01, SE=0.005, t(71)=2.63, P=0.01). When length of stay is greater than six months there is an increase in the number of heavy alcoholics in the personal network as age increases, but when length of stay is less than six months there is a decrease in the number of heavy There were main effects of linear (b=-0.32, SE=0.14, t(326)=-2.23, P=0.02) and quadratic (b=0.05, SE=0.02, t(326)=2.53, P=0.01) time on network heterogeneity. Network heterogeneity decreased between waves 1 and 2 of the study, and then increased at each subsequent wave for all Oxford House residents. The gamma for the second level length of stay variable predicting the relationship between linear time and network heterogeneity (b=0.16, SE=0.08, t(326)=2.03, P=0.04) and quadratic time and network heterogeneity (b=-0.02, SE=0.01, t(326)=-2.27, P=0.02) was also significant (Figure 2) . Network heterogeneity initially increased for residents with lengths of stay of six months or greater and decreased for residents with lengths of stay less than six months. However, this pattern reversed at every subsequent wave where residents with lengths of stay of six months or greater experienced a decrease in network heterogeneity while residents with a length of stay less than six months experienced an increase in network heterogeneity.
Results also indicated a significant main effect of both linear (b=-2.51, SE=0. 
Discussion
Marked changes in the structure of the personal networks of residents in sober-living homes is evident. Overall, Oxford House seems to be related to changes in the composition of personal networks of people in recovery from alcohol abuse. Specifically, it is associated with increases in the number of recovering alcoholics and seems to protect against the addition of heavy drinking network members. Length of stay in Oxford House was also associated with significant changes to structural characteristics of personal networks. The overall size of the personal network and the number of recovering alcoholics increased, while the number of light drinkers decreased for residents who stayed six months or longer. Networks also became more homogeneous generally moving from a mixture of drinkers and non-drinkers to mostly non-drinkers among residents who stayed six months or longer. This study also presented findings indicating that several variables changed quadratically suggesting that the first six months in recovery are perhaps most important for soberliving home residents. To date, research on personal networks in recovery has been limited by its attributional ego-centric approach to social support, a point that has been lamented by several researchers. 24, 25 This has prevented the investigation of the important emergent properties of personal networks of which network heterogeneity is one. 19 The widespread use of the Important People Inventory is one example. The data architecture of this instrument does not allow for ties between network members. It also relies on the respondent's reporting of network member behavior, such as drinking and drug use, and places an emphasis on strong ties. Our data indicate that most networks in the present study were highly supportive family members whom the respondent had known for a long time. While this is beneficial for people in recovery, it fails to fully capture the positive and/or negative influence of network members who continue to use or those who are weak ties. Utilization of the techniques of social network analysis could allow researchers to investigate a host of phenomenon that may occur in SLHs, such as the transmission of recovery and the role of social influence and social engagement in recovery.
The results of this research may be applicable to other types of SLHs. The Alcohol Research Group, for example, focused on sober living houses throughout California. These houses typically experience greater variability in their operational and social models than Oxford Houses, 26 requirements, demographic residential makeup, and substance use history. Polcin et al. 16 found increased alcohol and drug use among SLH residents with networks composed of frequently contacted individuals who used alcohol and/or drugs regularly. Polcin et al. 27 found similar results for SLH residents who also attended outpatient treatment. A natural question is whether Oxford houses are appropriate for all alcohol dependent populations, for multi-drug users, for dually diagnosed persons that show co morbidity with another severe alcohol disorder for example depression, bipolar disorder, schizophrenia, and personality disorder. Oxford Houses and other types of sober living homes are for individuals who can live independently, and if they have untreated serious mental disorders, it would be unlikely that they would be able to maintain gainful employment to reside in these houses or be able to keep up with regular tasks and responsibilities (such as chores) that are required for staying in these homes. However, our research does indicate that Oxford Houses have been successful for a variety of different populations, including those with eating disorders, 28 those with gambling disorders, 29 those with aggressive and criminal behaviors, 30 those with PTSD, 31 those with psychiatric disorders, 32 and veterans. 33 We do not believe that social network changes alone treat alcoholism and substance abuse. Clearly, the individuals in our sample were using a wide variety of wrap-around services, including the treatment facilities from which they were recruited. Recovery homes play one part within the larger treatment ecology, and when networks do change to support recovery, they need to be supported by an infrastructure of jobs, services, and other support programs in their community. The average stay within an Oxford House is less than a year, so when leaving this recovery home, the residents often move in their own home or apartment, live with relatives or friends, move into a partner's or spouse's home, or go to a treatment program, jail, another staffed recovery home, or a shelter. There is a need for multiple programs to serve these individuals and support their efforts to be abstinent.
Conclusions
There are a number of limitations in this study. First, while we have data for a two year period of time, it certainly would have been better to assess changes for a longer period of time, such as five years, however, funding limitations prevented us from collecting more long term outcome data. Also, the majority of our participants were women and most of our participants were African-American. This certainly is not the typical profile of people in the US with substance use disorders. Because our sample was recruited from treatment facilities in Chicago, it had far more women and minorities than a representative sample, and this is another limitation in the study as it reduces the generalizability of our findings to a national population. Numerous studies have documented that social relationships influence both physical and psychological outcomes, from longevity 34 and recovery from health ailments such as cardiovascular disease 35 to the spread of infectious disease. 36 Personal social networks were widely implicated in this research for both protective and adverse effects. 37, 38 The present study extends this literature by showing that soberliving homes like Oxford House provide a safe, supportive, and stable living environment for people seeking recovery from alcohol abuse. The results from this study indicate that residence in Oxford House is associated with important changes in the nature of the personal networks of residents and that these changes are related to decreased relapse rates.
